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[57] ABSTRACT 

The present invention relates to a new protein, convertin I, 
which belongs to a family of mammalian convertase pro 
teins characterized by partial amino acid sequence homol‘ 
ogy to each of the following: the precursor processing 
endoprotease of yeast KEXZ, bacterial subtilisins, and the 
human fur gene product, furin. The protein which is a 
subject of this invention is further characterized as a mam 
malian convertase, which is capable of hydrolytically cleav— 
ing, for example, prohormones to yield active hormones. 
Speci?cally, convertin I is capable of cleaving peptide bonds 
following certain sequences of two adjacent basic amino 
acids. Convertin I has a molecular weight of approximately 
70 kd by electrophoresis. Another aspect of this invention is 
a recombinant vector, incorporating the coding sequences 
which are the objects of this invention. Methods of preparing 
the endoprotease protein, including molecular engineering 
methods are described. This invention also relates to a 
nucleic acid segment, including DNA and a cDNA having a 
sequence coding for convertin I. Methods of detection of 
said protein by, for example, ?uorescent antibodies, and use 
of its coding sequences as hybridization probes are also 
provided. 

16 Claims, 10 Drawing Sheets 
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METHODS AND COMPOSITIONS FOR 
PREPARING PROTEIN PROCESSING 

ENZYMES 

The U.S. government may own certain rights in the 
present invention pursuant to NIH grants DK13914 and 
DK20595. 

This application is a Continuation of application Ser. No. 
07/484,074, filed on Feb. 23, 1990, entitled METHODS 
AND COMPOSITIONS FOR PREPARING PROTEIN 
PROCESSING ENZYMES, abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The ?eld of this invention relates generally to proteins 
(convertases) which cleave precursor molecules in order to 
convert them to various active forms. Molecules which 
require such processing include hormone and neuropeptide 
precursors (neuromodulators). More speci?cally, this inven 
tion concerns a family of endoproteases structurally related 
to the following: kex2-endoprotease of yeast, bacterial sub 
tilisins, and the human fur gene product, furin. Speci?cally, 
this invention relates to convertins, novel mammalian pro 
teases and more speci?cally in this family convertin I. This 
invention is also related to the nucleic acids coding for this 
family of proteins, and to their complementary nucleic acid 
sequences. Methods of producing this family of proteins, for 
example, by use of human insulinoma derived cDNA or 
other methods of genetic engineering, are also provided. 
Applications and advantages of the protein family are pre 
sented, more speci?cally those of convertin I. 

2. Description of Related Art 
A. Maturation of Proteins 

Although there are many kinds of regulatory peptides 
which differ in their function, cellular localization, and 
structure, they share a common property in that they are 
almost always initially synthesized in a larger form, that is, 
a precursor form, and subsequently are processed to form 
biologically active products. The ?rst example of this pro 
cessing was worked out for proinsulin, a larger precursor 
form of insulin, by Steiner, et al. (1976). The terminology 
developed by Steiner and colleagues to describe this phe 
nomenon in terms of the intermediates produced during 
maturation, have been adapted to various intermediates 
produced during the biosynthesis of other regulatory pep— 
tides. 

Regulatory peptides such as hormones and neuropeptides 
must undergo maturation processes to become biologically 
active, including proteolytic processing by various endopro 
teases. These endoproteases can cleave at various adjacent 
amino acid residues. As described in a review by Andrews 
et a1. (1987), there are also enzymes involved in proteolytic 
cleavage to remove the hydrophobic signal peptide located 
at the amino terminus of the precursor. The “signal hypoth 
esis” model of protein export from the cell was developed by 
Blobel and Dobberstein in 1975. Preproinsulin was demon 
strated by Chan, et al. in 1976. An example of experiments 
which demonstrated the cleavage of the signal sequence are 
those of Minth, et al. (1984) using human pheochromocy 
toma, and those that isolated and characterized a 37 kd 
protease which is capable of cleaving the signal proteins of 
preproproteins from the honey bee prepromellitin, the 
human preproplacental lactogen, and preproinsulin. (Wick 
ner, et al., 1985) This processing of “prepro-” forms of 
hormones and other secreted proteins occurs in the rough 
endoplasmic reticulum and results in removal of N-terminal 
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2 
segments of these proteins, depicted in FIG. I. There is 
subsequent cleavage of the “pro-” forms to release active 
products at single and double adjacent basic residues, fol 
lowed by removal of the basic residues located at the 
C-terminus of the peptides by carboxypeptidase B-like 
enzymes. Proteolytic processing at dibasic amino acids 
represents an important step in the maturation of a large 
number of prohormones, neuropeptides, and other biologi 
cally active peptides and proteins. 

While the synthesis of proteins which will eventually be 
secreted from the cell is usually initiated on cytoplasmic 
ribosomes, these very rapidly become tightly bound to the 
membrane of the endoplasmic reticulum across which the 
nascent peptide chain is transferred. Both eukaryotic and 
prokaryotic cells appear to use similar mechanisms for 
protein export. Bacterial cells can be used to export some 
eukaryotic proteins, and conversely, prohorrnones like pro 
insulin also can be processed by heterologous endocrine 
cells (Moore et al., 1983) and in distantly related eukaryotes 
such ‘as yeast. (Thim et al., 1986). Bacteria can make, but do 
not cleave, prohormones, to yield the active forms. 
B. Yeast Models 

In the yeast, a eukaryote, precursors for at least two 
biologically active peptides have been identi?ed: pro a 
factor and the prokiller toxin (see reviews in Mizuno et al., 
1988; Andrews et al, 1987). Yeast cells exist which are 
defective in the proteolytic processing of precursors of these 
two proteins to a mature form e.g. KEX2 defective strains. 
The KEX2 gene encodes a novel endoprotease which is 
speci?c for cleaving these two precursor substrates on the 
carboxyl side of pairs of basic residues. The KEX2 gene has 
been cloned and introduced into multi-copy plasmids so that 
the protease is over-produced. From these cells, su?icient 
quantities of the endoprotease were obtained to allow puri 
?cation to reportedly about 100 fold. The catalytic properties 
have been determined, indicating that the substrate site 
preferences of the kex2 endoprotease are on the carboxyl 
side of arginine-arginine (ArgArg) and lysine-arginine 
(LysArg). Enzyme activity is calcium dependent, similar to 
mammalian proteases called calpains, but they differ in 
catalytic mechanism in that kex2 is a serine protease. The 
complete amino acid sequence of the KEX2-encoded pro 
tein, deduced from nucleotide sequencing by Mizuno et al. 
(1988), revealed extensive homology between the amino 
acid sequences of the catalytic domain of the kex2 protein 
and those of the bacterial subtilisins (Section F). Sequence 
similarities around the active site residues resulting from 
similarities in gene structures (FIG. 2) suggest an evolution— 
ary relationship between these proteases. 
Matsuo et al. (1985, 1987) have patented a 43 kd serine 

type protease prepared from Saccharomyces cerevisae. This 
enzyme hydrolytically cleaves peptide bonds between two 
adjacent basic amino acids, and in vitro, converts prohor 
mones to active forms. (U.S. Pat. Nos. 4,650,763, 4,704, 
1359, EP Ol5898lA2). This enzyme was believed by the 
inventors to dilfer from that reported by Julius et al., (1984) 
(isolation of a gene (KEX2) encoding a yeast dibasic cleav 
ing endoprotease). The inventors also claimed that the 
enzyme disclosed differed from the proteases reported by 
Fletcher et al., 1981; Loh et al., 1982; 1983; Mizuno et al., 
1988. Cleavage was on the carboxyl side of repeating-X—Ala 
sequences, using enkephalin as a substrate. Subsequent work 
showed that kex2 showed no relation to this enzyme, as 
originally reported by Mizuno et al. in 1984 (Fuller, et al., 
1988) and it is unlikely to be involved in precursor process 
ing. 
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C. A Processing Enzyme in Fish 
A protease has been identi?ed from the angler?sh pan 

creatic islets by Fletcher, et al. (1981) and proposed to be 
one of the enzymes that processes proinsulin. 
D. Mammalian Processing Enzymes 

“The yeast KEX2 protease is the only enzyme that has a 
proven role in the activation of polypeptide hormones 
through cleavage at parts of basic residues. The enzyme that 
ful?lls this role in higher eukaryotes has yet to be unequivo 
cally identi?ed,” (Brennan and Peach, 1988) although vari 
ous candidates have appeared on the scene, as discussed 
below. 
An enzyme has been identi?ed by Loh which converts 

mouse proopiomelanocortin to various products. This is a 70 
kilodalton glycoprotein which has been puri?ed from secre 
tory vesicles of the bovine pituitary. However, it is unknown 
whether it functions in prohormone conversion in vivo. (Loh 
et al., 1987) 
A prohormone converting enzyme which is found in rat 

microsomes and secretory granules has been described by 
Noe, et a1. (1984) and said to be associated with membranes 
in the rat anterior pituitary neurointermediate lobe and rat 
hypothalamic synaptosomes. Noe suggested that the newly 
synthesized islet prohormones are membrane associated in 
the microsome and secretory granules and that the RER/ 
Golgi complex and secretory granule membranes act as a 
matrix, uniting the enzyme and substrate. However, conclu 
sive experimental evidence for this is lacking. 

Davidson et al. (1988) reported the presence of two 
distinct Ca-dependent acidic endoproteases in lysates of 
secretory granules from a rat insulinoma. Type I cleaved on 
the C-terrninal side of Arg 31, Arg 32 (B-chain/C peptide 
junction); type H, the C-terminal side of Lys 64, Arg 65 
(C-peptide/A~chain function). Type H was postulated to also 
be active in the Golgi apparatus because of its more neutral 
pH optimum which allowed signi?cant activity at pH 7.0 
(the supposed pH of the Golgi). These results suggest that 
more than one processing enzyme may exist and this could 
be relevant to alternative processing. (Section E). 
E. Complexities of Processing 

Proteolytic processing of the same precursor molecule 
may occur in different ways, perhaps providing greater 
?exibility for the organism. The reasons for alternative 
processing are unclear and the systems are complex. The 
main physiologically active peptide produced as a result of 
proglucagon processing in the pancreas is the hormone 
glucagon. However, a larger peptide is derived from the 
C-terminal portion of proglucagon which has not yet been 
shown to possess biological activity. In contrast, in certain 
cells in the gut, four different physiologically active proteins 
are processed from proglucagon. Thus, there may be mul 
tiple recognition sites for diiferent converting enzymes to 
produce different molecules from the same precursor. 
On the other hand, some endoproteolytic enzymes, like 

kex2, seem to have low speci?city and can recognize and 
cleave several precursor proteins, even those from unrelated 
eukaryote species. (Thomas and Thorne, 1988.) 
F. Bacterial Subtilisins 

Subtilisins belong to a serine protease superfamily. Bac 
teria of the bacilli species secrete at least two distinct levels 
of extracellular protease: a neutral metalloprotease, and an 
alkaline protease which is functionally a serine endopepti 
dase, “subtilisin.” Secretion of these proteases has been 
linked to the bacterial growth cycle, with greatest expression 
of protease during the stationary phase when sporulation 
also occurs. (Joliffe, et al., 1980; Hastrup et al., 1989). 
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4 
A wide variety of subtilisins have been identi?ed, and the 

amino acid sequences of at least 8 have been determined. 
Some have been cloned. Subtilisins are well characterized 
physically and chemically. In addition to knowledge of the 
primary structure (the amino acid sequence), over 50 high 
resolution X-ray structures of subtilisin have been deter 
mined which delineate the binding of substrate, transition 
state products, different protease inhibitors, and structural 
consequences for natural variation. (Review in Hastrup, et 
al., 1989). Subtilisins have found utility in industry, particu 
larly in detergent formulations, because they are useful for 
removing proteinaceous stains. Determination of the rela 
tionship between the primary structure of subtilisin and its 
physical properties have revealed the signi?cance of the 
methionine 222 residue as well as the amino acids functional 
in the active site, that is, aspartic acid 32, histidine 64 and 
serine 221. Asparagine 155 and serine 221 are within the 
oxyanion binding site. Mutations of these positions are 
likely to diminish proteolytic activity. (Hastrup, et al., 1989). 
Desirable commercial characteristics of subtilisins produced 
by mutagenesis include improved stability to oxidation, 
increased proteolytic ability or improved washability (sta 

- bility during commercial use). 
G. The Fur Gene Product, Furin 

“The fur gene was discovered fortuitously by comparing 
inserts of certain cosmid clones encoding the fes/fps onco 
gene with each other by means of Southern blot analysis.” 
(Van de Ven et al., 1987). The furin protein is the fur gene 
product and is expressed in certain normal tissues, as well as 
in speci?c types of tumors, for example, non-small cell lung 
tumors, mammary and colon carcinomas, urogenital tumors 
and hematologic malignancies. Recombinant DNA carrying 
portions of the genetic information for furin has been 
produced and patented. In this patent antibodies against the 
furin protein for diagnostic use, were also described. (Van de 
Ven, et al., 1987). The N-terminal region of furin shares 50% 
amino acid-identity with the catalytic domain of kex2 pro 
tease. On this basis, Fuller, et al. (1989) have proposed that 
it is a candidate for a human prohormone-processing 
enzyme. 

Despite years of searching for mammalian proprotein 
processing proteases that operate in vivo, these proteins 
have been elusive and the ?eld has been confusing. The 
strategy employed by the inventors which is described in the 
following sections has led to success in identifying a mam 
malian protein, convertin, which shows partial homology to 
the catalytic modules of both kex2 and the related bacterial 
subtilisins, and also has similarities to furin. 

SUMMARY 

This invention is directed toward a nucleic acid segment 
containing a coding sequence for a protein, convertin I, 
which belongs to a family of covertin proteins, said family 
being characterized by amino acid sequence homology to 
each of the following: the precursor processing endoprotease 
of yeast KEX2, bacterial subtilisins, and the human gene 
product, furin. This protein was predicted to have an 
approximate molecular weight of 70 kd by its amino acid 
sequence. This was later con?rmed by polyacrylarnide gel 
electrophoresis (FIG. 3) and it is predicted to be an endopro 
tease from its sequence homology to other known endopro 
teases. The pH range of convertin I is expected to be 4-7 
with an optimum at 5—6. The temperature range for activity 
is expected to be 22°-45° C., optimum 37° C. It will be 
inhibited by serine protease inhibitors, e.g., diisopropyl 
?uorophosphate. 
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This invention is also directed to a nucleic acid segment 
or its complement coding for a protein comprising approxi 
mately a 700 amino acid sequence substantially equivalent 
to that shown in FIG. 4, which contains as one embodiment, 
the active site comprising Asp, His and Ser residues. An 
embodiment with Asn instead of Asp at position 310, may be 
characterized by increased catalytic e?iciency under some 
conditions. Those skilled in the art will realize that other 
amino acid substitutions may be made to alter or modify 
convertin activity without substantially affecting the basic 
structure of the protein. The nucleic acid segment referred to 
herein comprises approximately 1914 nucleotide pairs and is 
capable of hybridizing to the sequence of FIG. 4 or its 
complement. Various levels of stringent conditions will be 
desirable depending on the desired degree of homology, 
criteria well-known to those skilled in the art. A speci?c 
embodiment comprises a DNA segment. 

This invention is also directed to a cDNA carrying the 
coding sequence for covertin. One method of obtaining 
covertin is from a human insulinoma from which the RNA 
templates were derived for ampli?cation of catalytic~site 
conserved sequences for the DNA sequence coding for 
convertin 1. 
What is also claimed is a protein which is coded by the 

nucleic acid segments referred to herein. One speci?c 
embodiment of this protein has a speci?c amino acid 
sequence which is in accordance with that shown in FIG. 4. 
It is a mammalian protein, a serine protease, the ?rst such 
mammalian protein detected and characterized. It comprises 
a 282 residue domain that is homologous to the catalytic 
modules of both kex2 and the related bacterial subtilisins. 
49% of the amino acids of the 282 residue domain are 
identical to those in the aligned kex2, and 27% are identical 
to the aligned subtilisin BPN' sequences respectively. The 
essential catalytic residues Asp, His and Ser are all con 
served among these proteins. The convertin sequence is also 
greatly similar to the incomplete N-terrninal sequence of the 
human furin gene product, a putative membrane inserted 
receptor<like molecule isolated from human tumors. 

Generally, “convertin I” refers to a protein which is 
approximately 682 amino acids long, because this is the 
presently known approximate length. However, the inven 
tion does not preclude the preparation or use of shorter or 
longer peptides if these peptides have similar biological 
activities, structure, and cross-reactive immunologic reac 
tivity, for example, as de?ned by guinea pig or rabbit 
polyclonal antisera. Moreover, biological activity may only 
require a peptide which includes the catalytic domain, 
approximately amino acid positions 122 to 415. 

Covertin is further de?ned as comprising an amino acid 
sequence which is similar to that of subtilisin BPN‘, said 
similarity occurring at the Gly20 to Asp259 in subtilisin. The 
comparable sequence is Glyl55 to Asp424 in the insuli 
noma~derived convertin I. A speci?c embodiment comprises 
a single open reading frame of 1914 bases coding for 638 
residue amino acid sequences with an N—terminal cleavable 
signal peptide. As an endoprotease, convertin I has the 
capability of cleaving prohonnones at dibasic amino acids to 
produce active hormones. An example of such a hormone 
would be insulin, which would be produced from the c1eav~ 
age of proinsulin. Convertin I may also be de?ned as a 
prohormone convertase, more speci?cally a mammalian 
convertase. Similarly the cDNA coding for this protein is 
coding for a convertase. Homology of the new protein to the 
furin protein coded by the fur gene suggests that furin is a 
protease rather than a receptor as originally suggested. 

Other aspects of this invention are recombinant vectors 
which incorporate the nucleic acid segments referred to 
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above, or a biologically functional equivalent thereof. The 
recombinant vectors may also include RNA, cDNA, or a 
biologically functional equivalent thereof. In one embodi 
ment, the nucleic acid segment included in the vector 
encodes amino acids and any segments found encoding the 
substilisin-like gene domain 122 to 415 essentially as set 
forth in FIG. 4. In another embodiment, the entire coding 
segment is contained in the vectors. Recombinant vectors 
and isolated segments may variously include the basic 
convertin I peptide codon region, said coding regions hear 
ing selected alterations or modi?cations in the basic coding 
region, or larger proteins comprising the coding region. In 
addition, due to codon redundancy, this aspect of the inven 
tion is not limited to the particular sequences shown in FIG. 
4. 

For the recombinant vectors, the protein encoding 
sequence is positioned adjacent to, and under the control of, 
an effective promoter which can be adapted for expression 
in either a prokaryotic or a eukaryotic host. The recombinant 
vector may be used to produce cleavage of other proteins at 
speci?c sites in the same host, for example, in the commer 
cial production of insulin, or may be used commercially to 
produce copies of the convertin I protein or a biological 
equivalent. On that basis, preparation of the convertin I 
protein or a biological equivalent protein as a product of the 
expression of a transforrnant prepared by genetic engineer 
ing techniques is well within the skills of those in the art. 

Various eukaryotic vectors are well-known to those 
skilled in the art and may be used for insertion of the 
convertin I gene, e.g. RCD, RCMV, RMSG. Many host cell 
lines are available, e. g. AtT-20, RIN, MSLGZ. (Chick, et al., 
1977; Adams, et al., 1987; Sevarino, et al., 1989; Moore, et 
al., 1983; Madsen, et al. 1988). 

It is a further object of this invention to describe methods 
of preparing the nucleic acid coding for convertin I, a 
speci?c embodiment comprises the steps of identifying and 
isolating nucleic acid from an insulinoma, preparing the 
cDNA by reverse transcriptase, using the polymerase chain 
reaction to detect and amplify the conserved sequences 
within the catalytic site coding sequence of the cDNA, 
followed by ampli?cation of homologous DNA fragments, 
and fractionation and isolation of the ampli?ed cDNA. A 
preferred insulinoma, as the source of RNA, comprises 
certain human insulinomas. Other insulin-producing cells 
and cells in which neuropeptides are processed, are also 
potential sources of convertin I. The inventors have used rat 
and mouse pancreatic and mouse brain cells as non-human 
sources. 

A method is also described of forming a hormone from a 
precursor molecule by cleavage effected by the protein, 
convertin I. A method of converting a prohorrnone to an 
active hormone comprises hydrolytically cleaving said pro 
hormone with a protease having the following properties: (1) 
hydrolytically cleaves peptide bonds between two speci?c 
adjacent amino acids; and (2) has a molecular weight of 
approximately 70 kd. Convertin I may also be used to cleave 
precursors of neuropeptides and other biologically active 
peptides and proteins, e.g., insulin, and/or insulin receptor 
precursors, as well as membrane glycoprotein precursors of 
various viruses, e.g., gp 160 of HIV-1 and others. 

Antibodies may be speci?cally directed against convertin 
I by standard methods. These may be monoclonal antibodies 
or polyclonal antibodies. This protein may be identi?ed in 
tissue or in vitro by use of ?uorescent antibodies prepared 
against the protein. 
Methods to prepare the nucleic acid segment substantially 

equivalent to the one coding for the convertin I, or a 
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biological equivalent, comprise standard forms and meth 
ods. (Maniatis, et al. 1982). Short, hormonally active pep 
tides, or short, nucleic acid fragments which hybridize to 
that essentially set forth in FIG. IV may be prepared as 
probes. The length is at least 14 bases, but may be larger. 
Nucleic acids are incubated with the appropriate segment 
under conditions appropriate for the formation of speci?c 
hybrids, and then those hybrids are detected with a label. 
The formation of such hybrids is indicative of the presence 
of complementary sequences. 
The method of identifying speci?c nucleic acid sequences 

comprises incubating the sample with DNA or any nucleic 
acid segment under conditions appropriate for the formation 
of speci?c hybrids and then detecting the presence of such 
hybrids by means of a label, either before or after ampli? 
cation of the DNA by means of PCR or related methodolo 
gies. (Mullis, 1987). 
One application of these methods is to screen clone banks. 

This new endoprotease may also be used for applications 
characteristic of proteolytic enzymes. However, it will be 
speci?cally useful to cleave proproteins in host cells into 
which the proproteins have been transferred by methods of 
genetic engineering. There are advantages of using a natural 
mammalian preprocessing enzyme in commercial produc 
tion of hormones, instead of an arti?cial non-mammalian 
one. The hormone is more likely to emerge as it does in its 
natural structure, and there are less undesirable byproducts 
than there are using, e.g., trypsin. 
The following terms are used herein: 

Substantially puri?ed is used herein to refer to DNA 
segments isolated free of their natural state, as they might be 
present in the genome of an organism. This term is intended 
to include such segments as they would exist upon genetic 
engineering, for example, for insertion into a recombinant 
vector. 

The term complementary used herein in connection with 
amino acid sequences, refers to amino acids or peptides that 
exhibit an attractive force toward each other. With respect to 
nucleic acid sequences, the term complementary refers to 
sequences having su?icient complementarity to allow spe 
ci?c cross-hybridization of nucleic acid strands. 

Biologically functional equivalent functionally signi?cant 
homology requires similarity in function, e.g. catalysis, as 
well as a rrrinimum of 40—60% amino acid sequence identity 
in important regions, for example, as found among related 
trypsins. The identity criteria could in some instances be 
satis?ed by amino acid equivalents (Table I). This phenom 
enon enables a wide range of equivalent embodiments to be 
prepared from the disclosures herein. 
As used herein, the phrase biologically functional equiva 

lent, referring to arrrino acids, refers to the fact that the 
invention contemplates that changes may be made in certain 
of the foregoing basic sequences without necessarily reduc 
ing or losing their proteolytic or structural identity. For 
example, the sequence can be altered through considerations 
based on similarity and charge, for example, acidity or 
basicity of the amino acid group, hydropathic index or 
arnphipathic score. In general, these broader aspects of the 
invention are founded on the foregoing general understand 
ing in the art, that certain amino acids may be substituted for 
other like amino acids without appreciable loss of the 
peptide’s ability to bind and to be active. Examples of 
exemplary embodiments of amino acids and substitutions 
are shown in Table I. The same expansion of nucleic acid 
sequences is within the scope of this invention. The 
sequence of FIG. IV can be altered by making these sub 
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8 
stitutions, additions or deletions to provide for functionally 
equivalent molecules. For example, due to the degeneracy of 
nucleotide coding sequences, other DNA sequences which 
encode substantially the same amino acid sequence as 
depicted in Table I may be used in the practice of the present 
invention. One or more amino acid residues within the 
sequence can be substituted by another amino acid of a 
similar polarity which acts as a functional equivalent. Sub 
stitutes for an amino acid within the sequence may be 
selected from other members of the class to which the anrino 
acid belongs. For example, the non-polar (hydrophobic) 
amino acids include alanine, leucine, isoleucine, valine, 
proline, phenylalanine, tryptophan and methionine. The 
polar neutral amino acids include glycine, serine, threonine, 
cysteine, tyrosine, asparagine, and glutarnine. The positively 
charged (basic) amino acids include arginine, lysine, and 
histidine. The negatively charged (acidic) amino acids 
include aspartic and glutamic acid. 

Closeness of relation can be measured by comparison of 
amino-acid sequences. There are many methods of aligning 
protein sequences, but the differences are only manifest 
when the degree of relatedness is quite small. The methods 
described in the Atlas of Protein Sequence and Structure, 
entitled SEARCH and ALIGN, de?ne relatedness. As is well 
known in the art, related proteins can differ in number of 
amino acids as well as identity of each arrrino acid along the 
chain. That is, there can be deletions or insertions when two 
structures are aligned for maximum identity. 

TABLE I 

Original Residue Exemplary Substitutions 

Ala Gly; Ser 
Arg Lys 
Asn Gln; I-Iis 
Asp Glu; Asn 
Cys Ser 
Gln Asn 
Glu Asp 
Gly Ala 
His Asn; Gln 
lle Leu; Val 
Leu Ile; Val 
Lys Arg 
Met Leu; Tyr 
Ser Thr 
Thr Ser 
Trp Tyr; Phe 
Tyr Trp; Phe 
Val Ile; Leu 

Because of the nucleic acid code degeneracy, which 
means that more than 1 codon will code for a particular 
anrino acid, a collection of nucleotide sequences represent 
ing all possible codon variations of FIG. 4 are within the 
scope of this invention. The sequence illustrated in FIG. 4, 
and its complement, is a speci?c embodiment. 

Other de?nitions and terms used in this invention include: 

Proteases (peptidases) are enzymes which cleave the 
amide linkages in protein substrates. 
A serine protease is an enzyme which catalyzes the 

hydrolysis of peptide bonds in which there is an essential 
serine residue at the active site. 

A vector is a genetic element (a “replicon”) to which other 
DNA segments may be attached, thereby bringing about 
replication of the attached segment. Examples include: plas 
mids, cosrnids, chromosomes, viruses. Coding sequence 
refers to a nucleotide sequence that is transcribed (DNA 
RNA) and translated (RNA-protein) into a polypeptide, 
either in vivo or in vitro. 
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Transcription, initiation, and termination sequences regu 
late DNA. They ?ank a coding sequence. Promoter 
sequences are initiators. 

Substantial homology is said to occur when: 1) one amino 
acid sequence predicts a structure fundamentally similar and 
thereby generally biologically equivalent to another; 2) 
nucleotides coding for the amino acid sequence match over 
a de?ned length of the protein molecules (at least 60% or 
more). Sequences that are substantially homologous can be 
identi?ed under conditions of a selected stringency. De?ning 
appropriate hybridization conditions is within the skill of the 
art. (Maniatis, et al. 1982.) 
A processing site refers to codons de?ning the minimum 

number of amino acid residues speci?cally required for 
cleavage by a selected process. 
An open reading frame is a series of codons without 

termination codons; the sequence is potentially translatable 
into proteins. 

Conservative residues are “exemplary substitutes” as in 
Table I, i.e., chemically similar residues. 

Consensus sequences are those that are similar from 
related members of a family. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention will 
become apparent upon reading the following detailed 
description and upon reference to the drawings in which: 

FIG. 1. Schematic diagram of structures of some of the 
known proproteins showing residues at cleavage sites. 
Heavy single lines indicate regions which appear as biologi 
cally active products. (Steiner et al. 1983). 

FIG. 2. Schematic depiction of predicted amino acid 
sequences of yeast precursor processing enzymes. The 
deduced amino acid sequences, homologies to known pro 
teases, and inferred structural features are derived from the 
nucleotide sequences of the cloned structural genes, KEX2, 
KEXl, and STE13. (Fuller et al., 1988). 

FIG. 3. Polyacrylarnide gel analysis of the products of 
polymerase chain reaction (PCR) and Northern blot hybrid 
ization of the ampli?ed clone to human insulinoma PNA. 
(A) 6% polyacrylarnide gel electrophoresis of the products 
obtained following polymerase chain ampli?cation of 
human insulinoma cDNA using the Asp and His primers 
described in Example 1 and 2. (Nishi et al., 1989) The 
position of the 150 bp band electroeluted and cloned 
(pPCRl) is indicated by the arrow. Size markers were 
HaeII~digested ¢X174 (BRL). (B) The cloned 150 bp band 
from (A) was PCR-labeled and used to probe human insuli 
noma poly(A)—-selected RNA fractionated on a 1% agarose/ 
formaldehyde gel. The position of ribosomal RNAs is indi 
cated. Hybridization to insulinoma total RNA indicates that 
the higher molecular weight band does not correspond to 28s 
RNA. 

FIG. 4A, FIG. 4B and FIG. 4C. Nucleotide and predicted 
amino acid sequences of convertin I. The number of the 
nucleotides is indicated at the end of each line, The arrow 
indicates the putative cleavage site of the signal peptide, The 
proposed active site ASP, HIS, and SER residues are boxed. 
Solid bars indicate consensus sequences for N-linked gly— 
cosylation. (This nucleotide sequence has been submitted to 
the GenBankTM EMBL Data Bank with accession number(s) 
105252.) 

FIG. 5. Conservation of active site residues between 
KEX2 and furin. Active site Asp, His, Asn, and Ser residues 
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10 
found in the subtilisin family of serine proteases are indi 
cated by arrows. Boxed residues are conserved in all 
sequences. Triangles indicate positions at which KEXZ and 
furin are identical and deviate from all the other subtilisin 
family members. Underlined residues are conserved 
between KEX2 and at least one other sequence. Prbl, S. 
cerevisiae vacuolar proteinase B; Prok, Tritirachium album 
Limber proteinase K; Ther, Thermoactinoymces vulgaris 
thermitase; Subt(l), Bacillus subtilis subtilisin Carlsberg; 
Subt(2), B. subtilis subtilisin DY; Subt(3), B. amyloiquefa 
ciens, subtilisin BPN'; Subt(4), B. subtilis var. amylasac 
chariticus subtilisin S; and Subt(5), intracellular subtilisin 
from B. subtilis A-50 (Fuller, et al., 1989). 

FIG. 6. Comparison of selected regions of convertin I to 
the amino acid sequences surrounding the active site cata 
lytic residues of KEX2 proprotease B, and subtilisin BPN‘. 
The relative position of the amino acid segment within each 
of the proteins is indicated by the numbers to the left of each 
column. Residues identical to those of convertin I are boxed. 
Catalytic residues are indicated by an asterisk. Amino acids 
are indicated by their single-letter abbreviations. 

FIG. 7A and FIG. 7B. Comparison of the amino acid 
sequences and catalytic domain structures of convertin I and 
KEX2. The positions of the signal peptides (SP), subtilisin 
like domains (SD), Ser/Thr-rich domain (ST), and trans 
membrane spanning region (TM) are indicated. Amino acids 
are indicated by their single-letter abbreviations. The num 
ber of the amino acids is indicated at the end of each line. 
A colon represents identical amino acids, and a period 
represents chemically similar residues. Gaps introduced into 
the alignment are indicated by hyphens. Active site catalytic 
residues are indicated by an asterisk. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

“Many bioactive peptides are processed from their pre 
cursors by proteolytic cleavage at paired basic residues. 
However, little is known about the endopeptidases that are 
physiologically involved in precursor processing.” (Mizuno 
et al., 1988; citing Docherty and Steiner, 1982). 

Small peptide hormones and neuromodulators are usually 
synthesized initially as large precursor proteins (FIG. 
1) that undergo tissue speci?c post-translational modi 
?cations and proteolytic cleavage to produce mature 
bioactive peptides. Cleavage may occur at the N—side, 
C-side or the middle of adjacent two basic amino acids. 
The peptides in the precursor protein are typically 
?anked by pairs of basic amino acids, for example 
lysine-arginine or lysine-lysine. Maturation of the bio 
active peptide is generally a two step process. The pair 
of basic amino acids is cleaved by a trypsin-like 
endopeptidase and then the remaining ?anking amino 
acids are removed by a carboxyl peptidase B-like 
enzyme or a similar amino peptidase before being 
released from the cell. The mature peptide may undergo 
a further series of modi?cation reactions, for example, 
N-terminal acetylation or C-terminal amidation. 

Thomas and Thorne, 1988. 
Although some information on proprocessing systems has 

accrued from studies of prokaryotes, “The authentication of 
mammalian neuroendocrine protein processing endopepti 
dases has proven a formidable task.” (Thomas and Thorne, 
p. 329.) 
The paired basic residues which are the site of proteolytic 

processing of various bioactive peptide precursors appear in 
a wide range of eukaryotic species ranging from yeast to 
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mammals. The discovery of calcium dependent endopepti 
dases which convert proinsulin and proalbumin to their 
mature products were reported by Davidson, et a1. (1988), 
Brennan, et al. (1988) and Oda, et al. (1988). It was not clear 
from these studies whether these enzymes could be classi 
?ed into a serine protease family, although Brennan and 
Peach (1988) raised the possibility that “a family of Ca2 
dependent proteases may be involved in the processing of 
the mammalian proproteins.” (p. 170) There were some 
overlapping properties, speci?cally membrane association, 
substrate speci?city, calcium dependency, and acidic pH 
optimum. These properties were shared by the KEX2 
endopepu'dase described in detail by Mizuno, et al., 1988. It 
had been demonstrated that the yeast KEX2 protein gene 
product expressed in mammalian cells was correctly able to 
process proinsulin expressed in yeast (Thim, et al., 1986), 
and proopiomelanocortin when transfected into mammalian 
cells. (Thomas, et al., 1988). These facts suggested that 
endopeptidases with properties similar to kex2 might be 
involved in precursor processing in mammalian tissues. 
A serine protease is an enzyme in which there is an 

essential serine residue at the active site which catalyzes the 
hydrolysis of peptide bonds. (White, Handler and Smith, 
1973). The trypsin-like serine proteases have molecular 
weights in the 25,000—30,000d range. They hydrolyze 
simple terminal esters and are similar in activity to eukary 
otic chymotrypsin, also a serine protease. The alternative 
term, alkaline protease, re?ects the high pH optimum of the 
serine proteases ranging from pH 8.0 to 10.0. 

Table H illustrates the relationships among various serine 
proteases. 

TABLE H 
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residues are the crucial tests, however, for membership and 
classi?cation in the serine proteases. 

Serine proteases are a diverse class of enzymes having a 
wide range of speci?cities and biological function. 
(Stroud 1974). Despite their functional diversity, the 
catalytic machinery of serine proteases in at least two 
genetically distinct families of enzymes: the Bacillus 
subtilisins and the mammalian and homologous bacte 
rial serine proteases (for example, trypsin and S. gresius 
trypsin), show remarkably similar mechanisms of 
catalysis. (Kraut 1977). Furthermore, although the pri 
mary structure is unrelated, the tertiary structure of 
these two enzyme families brings together a conserved 
catalytic triad of amino acids, consisting of Ser, His and 
an Asp. These residues are positioned to facilitate 
nucleophilic attack by the serine hydroxylate on the 
carbonyl of the scissile peptide bond. 

Andrews, et al. (1987) have reviewed examples in 
humans which illustrate the necessity of cleavage at two 
adjacent basic amino acid residues to effectively preprocess 
some precursors. However, “The mammalian enzyme which 
recognizes and cleaves the prohormone at the two basic 
residues has not been isolated in pure form, nor character 
ized.” (Andrews, et al., 1987) The two basic residues usually 
comprise arginine (Arg), preferentially adjacent to lysine 
(Lys). The ?rst example is families with hyper-insulinemia. 
Normally proinsulin is cleaved following the Arg of an 
ArgGly peptide bond which connects the C-peptide and the 
A-chain of proinsulin on the carboxyl side of the ArgGly. A 
point mutation identi?ed in humans in the arginine 65 codon 
changes the Arg residue to His, resulting in blockage of the 

Serine Proteases 

Trypsin-like subtilisin-like 

Bacterial proteases 

Chymotrypsin Trypsin Elastase Protein B-like (yeast) 
j (vacuolar or lysosomal 

mast digestive White degradation) 
cells enzymes Blood 

Cells 
digestive coagulation 
enzymes enzymes digestive 

Protein Processing Enzymes, 

/ KEX2-like (yeast)\ 
furin 
(mammals) 

convertins 
(mammals) 

The branches of subtilisin-like proteases are likely to 
become more complex as related mammalian members are 
discovered and characterized. 

Diiferences among serine proteases would include an 
arrangement of catalytic residues, e.g., in both trypsin and 
subtilisin serine proteases, Asp, His, and Ser are the amino 
acids of the catalytic triad. However, in trypsin-like serine 
proteases, they are arranged in the sequence His, Asp, Ser, 
whereas in subtilisin-like proteases are arranged as Asp, His, 
Set. There are also differences in the relative spacing of these 
key residues. In addition, there are other evolutionarily 
conserved features of these proteases which allow them to 
be identi?ed as serine proteases and subsequently classi?ed. 
The presence of the catalytically important Asp, His, and Ser 
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post-translational cleavage of proinsulin to insulin, because 
that bond (HisGly) cannot be cleaved. 
A second example is in the processing of'proalbumin, 

wherein alterations in the amino acid sequence of proalbu 
rnin result in variants which cannot convert to albumin by 
processing after two adjacent Arg residues. In one of the 
variants, the alteration results in yielding an ArgGlu substi 
tution, whereas in another there is a HisArg substitution 
which resists cleavage. These changes both lead to persis 
tence of the unprocessed proalbumin. 
A third example is a variant of Factor IX (Factor IX 

Cambridge) coagulant activity resulting in the clinical con 
dition of hemophilia B. In this variant, there is a LysSer 
substitution for the normally observed post translational 
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processing site, LysArg. This point mutation impairs pro 
teolytic processing and results in the disease hemophilia B. 
Clearly, as these examples illustrate proper conversion and 
processing of propeptides into the active protein forms is 
crucial for normal development and functioning of the 
organism. 
A number of precursor proteins contain sequences of 

more than one bioactive peptide, for example, the opioid 
peptides. In this example, three precursor proteins are 
responsible for the generation of 16 products. Different 
peptides resulting from a single precursor exhibit tissue 
speci?city. Experiments designed to study the mechanisms 
of tissue speci?city include transfecting the speci?c genes of 
interest into genomes of heterologous cell types. These 
methods have been used to examine the proteolytic matu 
ration of proinsulin, pro~enkephalin, proglucagon and proso 
matostatin by stable gene transfection. 
l. The Yeast kex2 Endopeptidase 
The yeast KEX2 gene encodes an endopeptidase which 

has homology to subtilisin-like serine proteases. Mizuno, et 
al. have characterized the amino acid sequence of the KEX2 
gene product deduced from nucleotide sequences. They 
have found that the KEX2 gene contains a 2,442 base pair 
open reading frame encoding a polypeptide of 814 amino 
acids. The deduced amino acid sequence contains a region 
homologous to the subtilisin-like serine protease family near 
the N terminus. A putative membrane spanning domain near 
the C-terminus was also reported, suggesting that KEX2 
encoded protein may function as a membrane bound sub 
tilisin-like serine protease. (Julius et al., 1984; Mizuno et al., 
1988, 1989; Fuller et a1, 1989.) Yeast cells comprise both an 
alpha factor and killer toxin which require processing from 
larger precursors by cleavage at paired basic residues. Infor 
mation on the yeast model system has provided information 
on proteolytic processing in higher eukaryotes. The KEX2 
gene product shows membrane association, is calcium 
dependent, and has substrate speci?city toward paired basic 
residues. The KEX2 gene was ?rst isolated by Julius, et al. 
(1984). 

Further indications that the yeast kex2 enzyme is an 
appropriate model for studies of human convertases, 
enzymes that cleave precursors to yield active proteins, is 
indicated by the fact that kex2 processes normal human 
proalburnin, but not proalbumin Christchurch, which does 
not have the appropriate cleavage site. Furthermore, this 
yeast enzyme is inhibited by ot-l- antitrypsin Pittsburgh 
which attacks the basic site for the cleaving enzyme, but is 
not inhibited by normal a-l- antitrypsin. Kex2 has also been 
shown to process proinsulin expressed in yeast (Thim, et al., 
1986) and also to process pro~opiomelanocortin when trans 
fected into POMC secreting mammalian cells. (Thomas and 
Thorne, 1988) 
The major components of the kex2 protein are: l) a signal 

sequence; 2) a domain homologous to the catalytic site of 
bacterial subtilisins; 3) a Ser and Thr rich region; and 4) a 
transmembrance spanning domain. There is evidence sug 
gesting that proper cellular localization of kex2 is necessary 
for maximum biological function. (Fuller, et a1. 1989). 
By studying the endonuclease kex2, which is overpro 

duced in yeast, Fuller determined that the characteristics of 
this protein were: 1) membrane bound, but solubilized by 
detergents: 2) able to cleave peptide substrates at both 
LysArg and Arg-Arg sites, 3) inhibited by EDTA and EGTA 
but not by phenanthroline, but fully reactivated by calcium: 
4) unaffected by 5—l0 mM phenylmethylsulfonyl ?uoride, 
Nuot(ot-tosyl) lysine chloromethyl ketone but inactivated by 
l-2 mM Ala Lys Arg-chloromethyl ketone; 5) labelled 
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speci?cally by 125I-labelled Tyr Ala Lys Arg-chloromethyl 
ketone and 6) resistant to transepoxysuccinate compounds 
which inhibit thiol proteases, but inactivated by diisopropyl 
?uorophosphate, a diagnostic serine protease inhibitor. 
Unlike subtilisins, inhibition of kex2 protease by chelators 
was freely reversible. Thim, et al., (1986) determined that a 
spacer peptide was required for processing of the insulin 
precursor molecule. This was done by examining the results 
of recombinant plasmids constructed to encode fusion pro 
teins with modi?ed mating factors and insulin precursors in 
yeast. These investigators proposed that in hormone precur 
sors in general, the spacer peptides serve to expose dibasic 
sequences for processing. 
2. Bacterial Subtilisins 
The term subtilisin designates a group of extra-cellular 

alkaline serine proteases produced by various species of 
bacilli. These enzymes are also referred to as bacillus serine 
proteases, bacilli subtilisins, or bacterial alkaline proteases. 
The subtilisin type BPN' produced by Amyloliquefaciens is 
one of the groups of subtilisin molecules and contains 275 
residues. X-ray structure of subtilisin BPN' revealed that the 
geometry of the catalytic site of subtilisin involving Asp 32, 
His 64 and Ser 221 is almost identical to that of the active 
site of mammalian serine proteases for example chymot 
rypsin (Asp 102, His 57 and Ser 195). However, the overall 
dissimilarities between bacilli serine proteases and mamma 
lian serine proteases indicate these are two unrelated fami 
lies of proteolytic enzymes. There is extensive homology 
between amino acid sequences of subtilisins from different 
strains of bacillus. In the major commercial uses of subtili‘ 
sins for detergents, enzyme instability under washing con~ 
ditions is a limiting factor. There is a continuing search for 
subtilisin analogs with improved pH and thermal stability 
rendering them especially useful for detergent formulations 
as well as for other processes requiring stable proteases. An 
example of such a modi?cation is presented by Zurowski, et 
al., 1988. 
3. Human Tumor Furin Protein 

It was deduced from comparisons of characteristics of 
furin with those of the human insulin receptor and the human 
epidermal growth factor receptor, that fur may encode a 
“membrane-associated protein with a recognition function.” 
(Roebroek et al. 1986). 
The fur gene is found in both the human and the cat 

genome upstream of the fes/fps protooncogene. Computer 
analysis by Roebroek, et al. (1986) indicated that the furin 
gene product maintains a possible transmembrane domain 
similar to that of Class II MHC antigen. There was also a 
cysteine rich region which was homologous with cysteine 
rich regions of the human insulin receptor and the human 
epidermal growth factor receptor. This homology extended 
over a stretch of 135 amino acid residues. 
The furin transcription unit appears to be distributed over 

a DNA area of about a 10 kb length. The amino acid 
sequence derived from the open reading frame of about 1500 
nucleotides contains a hydrophobic region similar to that 
found in transmembrane domains. This hydrophobic region 
is approximately 50 amino acid residues upstream of the 
carboxyl terminus. Expression of the fur gene as examined 
by Northern blot analysis, showed variation of expression in 
different tissues. There was also an increase in malignant 
tissues compared to normal tissues of the same source, for 
example, lung samples. The results of Van de Ven indicated 
that the fur gene could be a suitable tumor marker for 
distinguishing between tumor types; elevated expression 
was found in the non-small cell lung carcinoma as opposed 
to the small cell lung carcinoma which were compatible with 
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normal lung tissue levels. In man and cat, the linkage of the 
fur and fes/fps transcription units has been conserved during 
evolution. This may indicate there are functional needs for 
this region which may lead to information on the regulation 
of the expression of the c-proto-oncogene, implicated in the 
paths of carcinogenesis. Similarities of furin with the cata 
lytic domain of the KEX2 protease led Fuller, et al. (1989) 
to suggest a role for furin in human prohorrnone processing. 
4. Di?iculties in Isolating and 

Characterizing Mammalian Processing Enzymes 
It has been very di?icult to isolate processing proteases 

from mammalian cells because the processing enzymes are 
merged in the separation methods with other proteases found 
in lysozymes. Consequently it is dii?cult to separate them. 
No mammalian enzyme which converts prohormones to 
active forms in vivo has been identi?ed, isolated and char 
acterized. Many candidates have been alluded to, but little is 
known about them. 
As remarked by Thomas “the authentication of mamma 

lian neuroendocrine protein processing endopeptidases has 
proved a formidable task.” Several candidate processing 
activities have been characterized, but as yet not one has 
been convincingly demonstrated to be a bona ?de processing 
enzyme. Some of the problems arise from dif?culties in 
manipulating the phenotype of mammalian cells as opposed 
to yeast, which are amenable to these manipulations. 
Another problem has been that only extremely small 
amounts of precursor protein can be isolated from tissue 
preparations. This problem has been somewhat alleviated by 
use of CD and As clones which produce a number of 
precursor proteins. It is now possible to express high levels 
of these proteins. Various vectors used for this purpose are 
discussed in Thomas and Thorne (1988). 

According to Julius, et al., (1983) three problems have 
plagued attempts to identify speci?c proteases responsible 
for precursor processing in animal cells. 1) it is di?icult to 
separate the population of secretory cells in a tissue and it is 
di?icult to prepare appropriate sub-cellular fractions from 
these cells; 2) there is relatively low level of activities in the 
sub-cellular fractions; and 3) there is a high level of presence 
of several other enzymes of similar speci?city resulting from 
unavoidable contamination by lysosomal material. Yeast has 
been a model system providing a uniform population of 
secretory cells; also yeast has an advantage that the major 
proteolytic activities are well described, mutants are avail 
able, and yeast genes carried by multi-copy plasmids over 
produce their protein products. These advantages are 
responsible for the success in cloning and characterizing the 
KEX2 gene product. (Julius, et al., 1984). These problems 
have not been solved for mammalian systems prior to the 
work described in this invention. 
5. Techniques of Molecular Biology to Produce and Analyze 

Proprotein Processing Enzymes 
Recombinant SV40 virus has been used to express pro 

insulin and growth hormone in Simian cells. (see Review in 
Thomas et al., 1988). However, this system is not e?icient 
for expression in mammalian cells. 
Some of the problems in recombinant proteins produced 

in bacteria are that bacteria may not correctly modify the 
proteins. In mammalian cell systems the level of recombi 
nant protein expression is much lower than that observed 
from bacterial systems. There are disadvantages, therefore, 
in both systems. 
One transient expression system makes use of the COS 

cell line. Neuroendocrine genes and cDNA'a which have 
been expressed using this system include rat and human 
preproinsulin, angler?sh preprosomatostatin, and porcine 
proopiomelanocortin. (Thomas et al., 1988). No processing 
of prohormones occurs in this system. Introduction of con 
vertins might correct this. 
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Vaccinia virus can accommodate large and or multiple 

foreign inserts. Because cDNA’s have been cloned for a 
number of precursor proteins, it is now possible to express 
high levels of each precursor. A variety of vector systems 
have been used for this purpose including vaccinia and could 
be used to express convertins. Inherent shortcomings of 
gene transfer studies are that the molecular mechanisms that 
govern the processing of neuroendocrine precursor protein 
in heterologous cells may differ from those present in 
homologous cells. To overcome this problem, germ line 
transmission using SV40T and rat proinsulin promoter may 
be performed. Transfer into the germ line of mice will result 
in speci?c formation of pancreatic B-cell tumors will pro 
duce insulin and may be suitable for expressing convertins. 
6. The Present Invention 
As discussed in previous sections, proteolytic processing 

at dibasic amino acids represents an important step in the 
maturation of a large number of prohormones, neuropep 
tides, and other biologically active proteins. Despite the 
widespread occurrence of this mechanism in nature, little is 
known about the endoproteases involved in this process. The 
yeast KEX2 protease is the only enzyme that has a demon 
strated role in the activation of polypeptide hormones by 
means of cleavage sites at pairs of basic residues. (Fuller et 
al. 1988; Brennan and Peach, 1988). As these authors point 
out, an enzyme of comparable function has not been iden 
ti?ed for higher eukaryotes. A new enzyme identi?ed by 
Brennan, et al. was found in rat hepatic rnicrosomes. 
Enzyme characteristics were as follows: it was KEX2-like in 
that it was calcium dependent, membrane bound, and had a 
pH optimum of 5.5-6.0 (see Fuller et al. 1989). Its function 
was to convert proalbumin to albumin. 

It had been suspected from examination of the activity of 
the KEX2 gene in yeast and from the observation that the 
kex2 protease had the ability to process some puri?ed 
human proteins, that this protease might be the prototype for 
mammalian enzymes. However, there was no answer to the 
question, “ . . . just how similar are the yeast and mammalian 

processing enzymes and the reaction catalyzed?” (Fuller, et 
al. 1988; Orci, et al. 1985). KEX2 was believed to function 
in the yeast Golgi. In contrast the newly formed secretory 
granules may be the site of most mammalian proprotein 
processing, e.g., of proinsulin. 

Several mutations in humans that block proalbumin pro 
cessing have led to elucidation of proposed mechanisms of 
cleavage at the basic site. Analysis of these mutations 
indicates that a speci?c peptide is cleaved from proalbumin 
just before its secretion from the hepatocyte. The existence 
and characteristics of various circulating variants, namely 
proalbumin (Christchurch), proalbumin Lile and proalbumin 
T akefu, have established the requirement for a pair of basic 
residues at the cleavage site. 
As soon as KEX2 was found, researchers searched for 

possible analogues in higher life forms, but none were 
found. One usual method of searching was to use KEX2 
cDNA to screen libraries, a strategy that had been successful 
in detecting analogues for CD2 and the ras oncogene in 
higher life forms. This method was not, however, successful 
in detecting a KEX2 like protein in higher life forms. As 
described herein, a new strategy developed by the inventors 
was successful is in isolating a mammalian protein, conver 
tin I. This strategy was to amplify homologous DNA frag 
ments (Nishi, et al., 1989), using polymerase chain reaction 
(PCR) to detect and amplify conserved sequences within the 
catalytic site of KEX2. The source of cDNA was a human 
insulinoma. This cDNA was found to encode a protein, 
convertin I, which is homologous to the precursor process 


















